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Abstract 
Although there are numerous prioritization techniques, few satisfy the quality criteria such as scalability, efficiency and 
easiness of usage. This research presents a case study of Commercial Off-The-Shelf (COTS) software requirements 
prioritization to be potentially used by thousands of users. The HCV(Hierarchical Cumulative Voting) requirements 
prioritization technique was addressed and applied through a web questionnaire directly to potential users to analyze the 
benefit of the requirement criteria. Another aspects discussed were volatility of the requirements and market competition. In 
the end, eighty respondents sent in the questionnaire and a score of requirements in ratio scale of measurement was obtained, 
and the criteria have been consolidated through the Macbeth approach. It was found that the method could  respond 
positively to the needs and characteristics of Market-Driven Software Development, in similar situations to those described.  
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1. Introduction  
Some factors deserve attention in the application of techniques for prioritization of requirements [1, 2, 3 and 
4], such as scalability about some requirements, the easiness of learning and use, the accuracy and the runtime 
[6 and 7]. Aspects associated with Market Driven Software development should be considered, such as the 
large numbers of stakeholders, their weight and their geographical distribution. Finally, studies show that few 
requirements prioritization techniques are suitable to cover these issues positively [5 and 8]. 
By Analyzing the factors exposed, a case study involving prioritization of requirements for a personal 
finance management software has been developed, in which the technique HCV (Hierarchical Cumulative 
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Voting) [9 and 10] and the Macbeth [20 and 21] was the approach used. A questionnaire was prepared and was  
available via the internet, in which respondents (potential users of the software) rated the software requirements 
using as criteria the benefit (value) associated with each requirement. 
As a result, 80 questionnaires were answered, with which the prioritization of the software requirements has 
been carried. It was shown that the use of a questionnaire available via the Internet to a large number of 
respondents and integrated with HCV might be industrially feasible in similar situations.  Also, a comparative 
study was carried out with competing software, based on the requirements of the software, resulting in the 
drafting of the competition criteria. Another aspect discussed was the analysis of volatility of the requirements. 
These criteria have been consolidated through the Macbeth process. 
The rest of the paper is composed of three other sections: in Section 2 an overview of requirements 
prioritization techniques is presented, Section 3 describes the case study and in Section 4 Conclusion and future 
work are discussed. 
2. Background 
2.1. Requirements prioritization 
For some time, the software development process called Incremental Model was consolidated, which has as 
its main feature the division of development and delivery of software over time [11]. In this process, the 
features that will be released in a particular software version are set by the various stakeholders (customers, 
requirements analysts, software architects, etc.). On the other hand, the features selection is carried out through 
a process of requirements prioritization, which may be accomplished by various techniques such as AHP – 
Analytic Hierarchy Process, CV – Cumulative Voting, Planning Game and Fuzzy AHP. 
2.2. Quality criteria of prioritization techniques  
Although there are several prioritization techniques, there are few who can achieve acceptable levels of 
quality and efficiency in certain situations [5,8]. Reference [6] describes some criteria for evaluation and 
comparison of several prioritization techniques, such as time, accuracy, easiness of learning, easiness of usage, 
scalability, understandability of results and attractiveness.  Criteria related to accuracy, easiness of usage, fault 
tolerance, total time consumption and measurement scales are found in the literature review prepared by [7]. 
2.3. Prioritization Criteria 
The criteria choice is a fundamental task in the requirements prioritization process. Reference [12, 13] 
describe the criteria that can be used in the requirements prioritization process, for example, development cost, 
requirements dependencies, requirements volatility, competitiveness and especially the concept of requirement 
value. Reference [14] conduct a specific study about the value of the software, which can be assessed both in 
monetary value to the supplier as in the benefits or importance to users. 
2.4. Market-Driven Prioritization  
Planning a software release is a determining factor for the success of a product on the market, determining 
which features customers will use during the software lifetime. Planning should be preceded by prioritizing 
requirements [15], which should consider some characteristics of Commercial Off-The-Shelf (COTS) software 
as highlighted below: 
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x A Large number of stakeholders [16]: Commercial Off-The-Shelf (COTS) software is available to a 
large number of users. It is important to conduct a prioritization study based on samples of users to identify 
their needs; 
  
x Geographical distribution of stakeholders [17]: The market to be considered by a software company 
may cover a wide geographic range, often continental or global. It is necessary to exploit the prioritization 
process considering that characteristic; 
   
x The weight of stakeholders [17]: There is often a customer group as a priority in COTS software market. 
It is necessary to evaluate the identification and the weight of such customers during the prioritization process; 
 
x Competition Analysis [12]: COTS software typically has competing products. It is important to analyze 
what software requirements are implemented by the competitors to find its best position on the market. 
2.5. Large Number of Requirements 
The difficulty of handling a lot of requirements is one of the main challenges in the process of prioritizing 
requirements.  Reference [5] qualifies 59 techniques used, in which only nine (15%) are considered to be 
scalable. Reference [8] in his specific study about the issue analyzes some techniques suitable for medium and 
large amounts of requirements (up to 27 and 202 requirements respectively). The HCV technique was one of 
the methods evaluated. 
2.6. CV – Cumulative Voting  
CV - Cumulative Voting (One Hundred Dollars) is one of the techniques used in the requirements 
prioritization process [18], in which a certain amount of points (usually 100) is distributed by the requirements, 
creating a ratio-scale list. Through this technique, it is possible to add the judgment of a lot of stakeholders, 
including considering the importance (or weights) of each of them. Although the CV method can be efficient, 
easy to understand and show the result in ratio-scale, there is a problem concerning the large amount of 
requirements [5, 9]. In such situation, the stakeholders must handle and compare a large amount of items, which 
can complicate  the process. 
2.7. HCV - Hierarchical Cumulative Voting 
To minimize the problem of scalability in the CV technique, HCV (Hierarchical Cumulative Voting) [9,10] 
was proposed. References [5, 8] analyze in a positive way the HCV technique for scalability. The strategy used 
is to minimize the number of comparisons, through the hierarchy of requirements. The following steps make up 
the technique HCV: 
2.7.1. Break down each high-level software requirement in several lower-levels requirements, developing a 
hierarchical structure (Fig 1). One of the fundamental points in HCV is functional decomposition [11, 19], 
which consists of presenting the requirements at various hierarchical levels. The lower-level requirements 
create a breakdown of their respective higher requirements; 
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2.7.2. Apply the VC technique in each set of requirements obtained after decomposition; 
2.7.3. Calculate the HCV points, as follows: 
2.7.3.1. For each low-level requirement x, calculate the intermediate priority ࡵ࢞. Let ࡭࢞  be the requirement 
score informed by the stakeholder, ࡴ࢞ be the score of the high-level requirement informed by the stakeholder 
and ࡽ࢞ the amount of requirements under the high-level requirement, then: 
 
ܫ௫ ൌ ܣ௫Ǥ ܪ௫Ǥ ܳ௫ 
2.7.3.2.   For each low-level requirement x, calculate the final priority F.  Let I am the intermediate priority 
score and n be some low-level requirements, then:  
 
ܨ௫ ൌ 
ܫ௫
σ ܫ௜௡௜ୀଵ
 
2.7.3.3. The weighted sum of the results of each requirement to all stakeholders is calculated, considering the 
importance of each of them. Let W be the weight of the stakeholder and F the final priority, then: 
 
௫ܲ ൌ ෍ ௜ܹ
௦
௜ୀଵ
 Ǥ ܨ௫ǡ௜ 
2.8. Macbeth 
Macbeth (Measuring Attractiveness by the Categorical Based Evaluation Technique) [20 and 21] is a multi-
criteria decision analysis approach in which each criterion is judged qualitatively, through the quantification of 
attractiveness among the options. It is characterized as a humanist approach, interactive and constructive way to 
develop a quantitative model of values based on qualitative judgments. It allows structuring the problem in a 
hierarchical format, calculating weights and effecting the integration of criteria, in addition to the robustness 
and sensitivity analyzes. 
The input data of Macbeth are ordinal information, which is purchased directly from the user, through the 
judgment of attractiveness among the various options of certain criteria. For example, in the purchase of an 
automobile, a selection criterion can be the color. In this case, an example of judgment could be assessing that 
the “blue” one is more attractive than the “red” one. The technique makes it possible to inform the intensity of 
attractiveness, for example, “white" is a little more attractive than "black", and "blue" is much more attractive 
than "white." From the ordinal attractiveness of information is carried out a mathematical conversion process to 
the cardinal format, which constitutes in measuring the attractiveness difference between the options. 
The structure of the model is made from the hierarchy of criteria (fundamental points of view).  The score 
can be carried out, beyond the judgment of attractiveness of options, through the use of a list of impact levels 
associated with each criteria, called descriptor, which may be quantitative or qualitative. 
For each list of descriptors is performed an impact analysis, which can be done by the use of simulations,  
empirical rule, panel of experts, survey techniques, etc. After the impact analysis, it is possible to establish for 
each criteria an ordinal rank on the options list. However, it is not possible to establish the level of 
attractiveness among them yet. 
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The cardinal value of each option is evaluated by descriptors, which are obtained through the use of a value 
range, elaborated through the judgment pair to pair between the alternatives of each descriptor. 
The integration between the criteria is initiated through the discovery of their respective weights, which are 
calculated through the judgment of attractiveness among them. The final values table is calculated, through the 
weight of each criteria and the cardinal value of each option. 
3. Case Study 
The purpose of the case study was to analyze the functional requirements prioritization process, based on 
Macbeth Approach, in which the user benefits criteria, competition, and volatility were defined. It should be 
noted that the criteria are quantitative and qualitative. For each criterion, it was developed a specific method, 
reported below. The software M-Macbeth [22] was defined as a tool to support the use of the Macbeth 
methodology. The approach consists in a hybrid model, similar to that presented in [23, 24, 25, 26 and 27]. 
3.1. The personal finance management software 
The main features of the personal finance management software are the control of expenses, income and 
budget. It is considered that most of the functionality of the software will be designed for both web, with access 
via Web browsers such as Firefox and Google Chrome, and for Android smartphones.  
3.2. Assessment of benefit criteria 
To assess the benefit of each requirement to the customer, potential users would be invited to participate in a 
survey to score the requirements. In this scenario, the following characteristics were found: 
 
x The sample of potential users would have a considerable size (greater than 70 subjects), as well as being 
geographically distributed; 
x The analysis to be carried out by users should be performed using a easy operation process since these 
would be volunteers. Each respondent would have to handle a total of 33 requirements;  
 
Considering these characteristics combined with the quality criteria for prioritization techniques described in 
Section 2, such as scalability, easiness of usage, accuracy and easiness of understanding, it was decided to 
elaborate a questionnaire integrated with HCV technique to be available via the Internet.  
The module requirements were listed on each page so the respondent could distribute 100 points according 
to the CV technique. Some remaining points could be seen at the end of each page to control the points. 
In addition to requirements analysis, questions relating to the qualification of the respondents were included. 
Guideline pages and examples have been included to facilitate filling. High-level requirements were referred as 
"modules", while low-level requirements were listed using prayers with few sentences in Portuguese. For each 
of them, there was a detailed description to be found on help. 
The questionnaire was available in March 2016. People of different ages, occupations and education levels 
living in the State of Ceará, Brazil were invited to participate in the research. It is estimated, however, that the 
predominant percentage of respondents has been computer science literate people. At the end of the period, the 
data of 80 respondents were transferred to spreadsheets, where the specific procedures of HCV technique were 
performed. 
A quantitative descriptor associated with the criteria was created in M-Macbeth. The performance of each 
requirement was inserted from the result of the HCV technique, and the judgment of attractiveness was carried 
on. The requirements rank was ploted (Tab. 1) after processing the results through the HCV technique 
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presented in Section II. It is noted that the first five requirements belonged to Module M1, which achieved a 
higher amount of points to the other modules. 
However, two requirements belonging to the Module M1 remained at the bottom of the table (R03 and R01), 
showing that not all the requirements of the most important module for the respondents were the most priority. 
The requirements of modules M4 and M5 are practically the last, interspersed by some requirements of other 
modules. This is due to low scores for the first three modules. Finally, the requirements of modules M2 and M3 
are  presented all over the table.  After the judgment of attractiveness performed in software, M-Macbeth was 
able to show the points scale (Fig. 1). 
3.3. Assessment of Competition Criteria 
For the competition criteria, four personal finance management software were selected.  The software is 
focused on the Brazilian market (Portuguese language and compliance with the rules of the Brazilian financial 
institutions) and provides web and android smartphones versions.  A second aspect of the selection was some 
downloads for each verified application on Google Play. 
Table 1 – HCV Rank 
Module #Req Requirement Points 
M1 R06 Print a report of outgoings and incomings for a period 5,86 
M1 R05 Show the transactions of specific account or outgoings category 4,81 
M1 R07 View charts of incomings and outgoings 4,38 
M1 R02 Import bank account transactions from CSV/Excel format 3,86 
M1 R04 Reconcile the bank accounts 3,60 
M2 R17 Check the credit card statements 3,46 
M1 R08 Store and display the image of expenses documents 3,29 
M2 R18 Show the balance and the credit card limit 3,20 
M1 R10 Use labels to group outgoings 3,08 
M2 R16 Register the payment of the credit card invoice 2,99 
M2 R15 Close the credit card invoice 2,97 
M2 R12 Import the statement of credit card from CSV/Excel format 2,94 
M1 R09 Store and show the location where the purchases were made 2,81 
M2 R14 Perform credit card reconciliation 2,58 
M3 R25 Dream Plans: include and monitor monthly savings/investments 2,53 
M1 R03 Import bank account transactions received by SMS 2,50 
M3 R19 Assist in planning by using the incomings and outgoings of the previous year 2,47 
M3 R20 Monitor the targets 2,33 
M3 R24 Estimate the outgoings and incomings based on a historical database 2,28 
M3 R21 Advise the total account  limit through notifications on the smartphone screen 1,98 
M1 R01 Import bank account statement from OFX format 1,94 
M2 R11 Import credit card statement from OFX format 1,52 
M2 R13 Import credit card transactions received by SMS 1,46 
M4 R27 Display the amount of the financial investments 1,40 
M3 R23 Perform reassignments between categories of expenditure 1,32 
M4 R26 Display financial investments statements 1,32 
M3 R22 Advise the total account limit through e-mail 1,25 
M5 R30 Plan the asset maintenance 1,19 
M5 R31 Monitor the asset maintenance and outgoings 1,08 
M4 R28 Show a chart indicating the evolution of the investment balances 1,06 
M5 R32 Advise the planned asset maintenance shown on the smartphone screen 0,93 
M4 R29 Show a chart indicating how the investment portfolio is organized 0,90 
M5 R33 Advise the planned asset maintenance by e-mail 0,72 
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For each selected software, it was verified their documentation and web sites. Then, each requirement was 
evaluated indicating its presence (1) or absence (0) in a spreadsheet. At the end of the process, the values were 
added to each requirement, indicating from the absence of the requirement in all competitors (total equal to 0) 
until the presence in all competitors (total equal to 4). 
A qualitative descriptor associated with the criteria was created in M-Macbeth. The performance of each 
requirement was inserted from the result of the analysis prepared on spreadsheet and a judgment of 
attractiveness was carried on. 
Most of the requirements were found in at least two software (Fig 2). On the other hand, it showed an 
absence of requirements relating to the module M5 in all softwares, which may suggest a gap in the market to 
be filled, despite the low score received by respondents (Tab. 1). After the attractiveness judgment performed 
in software M-Macbeth it was able to show the points scale (Fig. 3). 
3.4. Assessment of Volatility Criteria    
Requirement volatility indicates the need for change the specification, often caused by changes in business,  
law, etc. In this work, the volatility is linked to the lack of enough knowledge of the requirements analyst about 
a particular requirement, increasing the risk of changes on delivery time and cost, or decreasing the product 
quality. 
Qualitative analysis was planned so the analyst would assess the volatility of each requirement according to 
options list in Tab 2 and a descriptor associated with the criteria was created in M-Macbeth. The performance 
of each requirement was inserted and after the attractiveness judgment performed in software, M-Macbeth was 
able to show the scale of points (fig. 4).  
 
 
 
             
Fig. 1 Judgment of attractiveness of benefit criteria 
Fig. 2 Competition Criteria                Fig. 3 Judgment of attractiveness of Competition Criteria 
916   Rômulo Santos et al. /  Procedia Computer Science  91 ( 2016 )  909 – 918 
3.5. Multi-criteria analysis 
The structuring of the weighting of the three criteria was held at M-Macbeth, to make the judgment of 
attractiveness among them, making possible the visualization and calculation of their weights in the form of a 
histogram. (fig. 5). 
Last of all, the final score (fig. 6) has been shown, which found that some requirements have positions 
affected by competition and volatility criteria. 
Table 2 - Volatility criteria 
 
 
 
 
 
 
 
 
4. Conclusions and future work  
Although there are numerous prioritization techniques available, few are efficient and adaptable to the 
existing features in market-driven process development software, such as the large number of stakeholders and 
their geographical distribution. 
This work presented a case study of the requirements prioritization, in which a questionnaire was available 
via the Internet for potential users of the software, integrated with HCV (Hierarchical Cumulative Voting) 
prioritization technique to analyze the “benefit of the requirement” criteria.  In the end, 80 respondents sent in 
the questionnaire. The database was processed using the HCV technique,  obtaining the score ratio scale 
measurement requirements. It was notice that the approach, used in similar cases, could be industrially viable. 
A comparative study was carried out with competitor software, based on the software requirements, resulting in 
the drafting of the competition criteria. Another aspect discussed was the volatility analysis of the requirements. 
These criteria have been consolidated through the Macbeth process. The use of qualitative and quantitative 
descriptors for the three criteria was efficient. Especially related to the benefit criteria, it was observed a good 
combination between the HCV and Macbeth techniques. 
Name Qualitative Level 
Great The analyst understands in detail the requirements and has experience in the subject. 
Good The analyst has a macro vision of the requirements and has experience in the subject. 
Positive The analyst has a macro vision of the requirements but has no experience in the subject. 
Regular The analyst has a macro vision of the requirements, but incomplete in some secondary aspects. 
Bad The analyst has an incomplete macro vision of the requirements. 
Fig. 4 Judgment of attractiveness of Volatility Criteria 
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As future works, expanding the case study for a global geographic scope is suggested, in which new aspects 
can be inserted, such as the region’s culture and economic weight. Another alternative to expansion on this case 
study is the addition of other aspects of selection criteria such as the cost and interdependency requirements 
through the use of Integer Linear Programming [28 and 29]. 
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